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ABSTRACT 
Light and the Control of Plant Abscission Processes 
September 1984 
Dennis R. Decoteau, B.S.E.S., University of Maine 
M.S., University of Massachusetts, Ph.D., University of Massachusetts 
Directed by: Professor Lyle E. Craker 
The role of light as a regulator of abscission processes was 
studied. Red light was an effective inhibitor of dark-induced leaf 
abscission in cuttings of mung beans, coleus and red kidney beans. 
Far-red light accelerated leaf abscission as compared with similar 
cuttings in the dark. 
The receptor site for the light regulation of abscission 
appeared to be in the leaves with a red light-induced abscission in¬ 
hibitor translocated from lighted leaf to abscission zones. Exudate 
collected from excised coleus leaves in the red light could inhibit 
abscission similarly to application of exogenous IAA. 
Ethylene production from plant tissue did not mediate light 
effects on abscission. Light-induced ethylene production did not 
correlate with light control of the abscission processes. The 
sensitivity of abscission zones to ethylene was affected by light 
treatments with red light reducing and far-red light increasing the 
sensitivity of the abscission zones to ethylene as compared to dark 
vii 
controls. 
to be due 
The light effect on abscission zones did not appear 
to the number of available ethylene binding sites. 
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CHAPTER I 
INTRODUCTION 
Abscission, the selective shedding of plant parts, is a natural 
plant process associated with the release of pollen, spores, seeds, 
fruits, and leaves. The process is energy requiring and hormonally 
controlled with the synthesis or activation of cell wall degrading 
enzymes functioning in the weakening of the cells of the abscission 
zone that eventually leads to separation of the plant organ from the 
plant (Abeles, 1968; Jacobs, 1968; Morre, 1968). Abscission is used 
by plant species as a means for regeneration, for extending species 
distribution, for recycling of nutrients, and for enduring periods of 
water and temperature stress (Kozlowski, 1973). 
Unfortunately, plants sometimes shed or abscise plant parts at 
times that are not beneficial to the commercial production of the 
plant. This premature abscission of plant parts can be an economic 
loss to the growers and handlers of many horticultural and agronomic 
crops. Some problems that may be attributed to premature abscission 
are a reduction in the visual quality of cut flowers and bedding 
plants and decreases in the number of fruits and vegetables at har¬ 
vest. For example, severe petal or flower shattering of geraniums 
during transit and marketing can yield plants that sell poorly 
(Amitage et al., 1980) and economic losses due to premature fruit 
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drop of apples may range from 25 to 75% of the crop each year 
(Southwick, 1981). 
Abscission control currently involves the application of growth 
regulator sprays or silver containing compounds to the plant tissue. 
However, federal and state restrictions on use and maximum allowances 
of abscission regulating compounds and the inherent immobility of 
silver in plant tissue limits their use. Additionally, chemical 
abscission regulating treatments sometimes have adverse effects on 
plant development causing distorted shapes of flowers and fruits 
(Halevy and Mayak, 1981). 
Development of an alternate method for abscission control or one 
that could enhance existing techniques of abscission control appears 
highly desirable. Supplemental low level irradiance has been success¬ 
fully used for control of abscission in mung beans (Curtis, 1978; 
Decoteau and Craker, 1983) and apples (Brooks, 1980), but the direct 
physiological responses of the plant to light treatments are unknown. 
Additionally, the effectiveness of light as a treatment for abscission 
regulation in other plant species has not been investigated. 
This study was designed to determine the mechanism involved in 
light control of abscission and the applicability and universality of 
the light effect on abscission. 
CHAPTER II 
LITERATURE REVIEW 
Abscission, a plant process that causes the separation of a plant 
organ from the main part of the plant, generally occurs in special 
cells designated as the abscission zone (Webster, 1968). These ab¬ 
scission zones are located at the base of the abscising organ near the 
attachment to the plant (Webster, 1973). During the abscission 
process, increases in synthesis and activation of cell wall degrading 
enzymes within the abscission zone cells weaken the structure and 
enable the shedding of plant parts (Morre, 1968; Webster, 1968). 
Plant hormones and environmental conditions are known to influence 
the metabolism of these cells and may be the mechanisms through which 
abscission is regulated (Addicott and Lyon, 1973). 
The cells of the abscission zone can be distinguished from other 
cells by their smaller size and denser cytoplasm (Jensen and 
Valdovinos, 1968). It is thought that the weakness of these cells 
is due not only to the hydrolysis of cell walls by enzymes but to a 
reduction in the deposit of cell wall material (Webster, 1968). 
The initiation of the process of abscission within the abscission 
zone is probably due to chemical changes within the subtended organ 
(e.g., leaf blade, fruit) (Addicott, 1982). Plant hormones can delay 
or enhance abscission and several reviews (Addicott, 1968; Addicott 
and Lyon, 1973) have summarized their role in this process. In most 
3 
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instances, one of the more important criteria for the occurrence of 
abscission is a reduction in the level of auxin within the abscission 
zone. Exogenous application of auxin to plant tissue can control 
abscission in kidney bean and cotton explants (Abeles and Rubenstein, 
1964; Addicott and Lynch, 1955; Mousedale and Knee, 1981) and has 
been commercially successful in controlling abscission in apples, 
c\ ; 
pears and other fruit crops (Cooper and Henry, 1973; Edgerton, 1973). 
The plant hormones abscisic acid (ABA) and ethylene appear also 
to participate in the regulation of abscission but their role does not 
seem to be essential to the process (Addicott, 1982). For example, 
exogenous treatment of plant material with ABA may accelerate ab¬ 
scission but simultaneous treatment of plant material with other 
hormones can counteract the ABA effect (Addicott, 1982). Similarly, 
ethylene can induce abscission of certain plant parts (Abeles et al., 
1971) but treatment of plant tissue under hypobaric conditions (where 
the concentration of ethylene is less than necessary to induce abscis¬ 
sion) had no effect oh the abscission process (Cooper and Horanic, 
1973). 
The plant hormones gibberellins and cytokinins appear to have a 
less defined role in abscission. There is often a reduction or de¬ 
cline in endogenous concentrations of gibberellins and cytokinins in 
plant parts prior to abscission (Sandstedt, 1969; Fletcher et al., 
1969; Alvin et al., 1976) but results from exogenous application of 
these hormones to plant tissue to regulate abscission are often 
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contradictory and inconclusive (Lyon and Smith, 1966; Osborne and 
Moss, 1963). The importance of gibberellins and cytokinins may be 
in regulation of senescence (Moore, 1979). 
Enzyme synthesis and activity are necessary for abscission 
(Abeles, 1968; Morre, 1968; Webster, 1972) and are influenced by 
environmental conditions (Schopfer, 1977). The more important 
enzymes that function in abscission are capable of dissolving cell 
walls (cellulases and pectin methylesterase) and regulating levels 
of auxin (peroxidases). The activity of cellulase, pectin methyl¬ 
esterase and peroxidases increase with advancement of the abscission 
process and the weakening of the cells of the abscission zone (Abeles, 
1968; Ratner et al., 1969; Reid et al., 1974). 
The selective shedding of plant parts during the active growth 
phase of development is generally associated with periods of environ¬ 
mental stress (Addicott, 1968). Temperature, daylength, water, 
mineral nutrition, atmospheric gases, shading, pathological agents 
and physical injury are some of the stresses that can increase abscis¬ 
sion (Addicott, 1968; Addicott and Lyon, 1973). Environmental 
stresses may also increase abscission after the active growth phase. 
Premature drop of fruits and defoliation of flowers and leaves may 
result near the end of the growing season due to temperature and 
water stresses (Addicott and Lyon, 1973). 
Light appears to affect abscission through photosynthetic 
carbohydrate production and as a photomorphogenic stimulus. Generally, 
treatment of plants with sufficient light to allow accumulation of 
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carbohydrate reserves within the plant tissue delays abscission (Roy 
and Chatterjee, 1967) while insufficient light for photosynthesis 
tends to enhance abscission (Meyer, 1940). Light has also been 
suggested as a phytochrome-mediated photomorphogenic stimulus due to 
the photoperiodic response of seasonal abscission (Garner and Allard, 
1923; Olmsted, 1951; Murashige, 1966) and the ability of red light to 
inhibit abscission processes (Curtis, 1978; Decoteau and Craker, 
1983; Kadkade et al., 1975; Heindl and Brun, 1983). 
Investigations on photocontrol mechanisms in the process of 
abscission with fruit drop in apples (Brooks, 1980) and leaf ab¬ 
scission in mung beans (Curtis, 1977; Decoteau, 1982) have indicated 
red light as the most effective color of the spectrum in inhibiting 
abscission, with a reduction in the effectiveness of the red light 
response by subsequent treatment of plant material with far-red 
light (far-red reversal). The red light inhibition of abscission was 
dependent upon irradiance level and length of exposure (Decoteau and 
Craker, 1983), 
While the mechanism of light regulation of abscission is not 
known, red light has been shown to affect other physiological 
processes in plants such as levels of carbohydrates and nitrogenous 
substances (Briggs, 1963; Klein et al., 1963; Mitrakos and Margaris, 
1974), rates of respiration (Hampp and Wellburn, 1979; Hartman, 
1973; Pecket and Al-Charchafchi, 1979), synthesis and activity of 
enzymes (Attridge, 1976; Johnson, 1976; Schopfer, 1977) and levels 
and transport of hormones (Goeshl et al., 1967; Suzuki et al., 1979). 
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Light regulation of abscission could be expressed through one or 
more of these plant processes. 
CHAPTER III 
MATERIALS AND METHODS 
General 
This work was divided into two related research phases. The 
first phase studied photoregulatory mechanisms in the control of leaf 
abscission. The second studied the applicability and universality of 
light in controlling abscission processes. 
Phase one. Photoregulatory mechanisms in control of abscission 
Plant material. Experimental plant cuttings from mung bean 
(Vigna radiata (L.) Wilczek cv. Jumbo) and coleus (Coleus blumei cv. 
Ball 2719 Red, Carefree series) were used in these studies. Mung 
bean cuttings consisting of 5 cm of stem tissue with attached primary 
opposite leaves and apical bud, were taken from 8 day seedlings 
growing in vermiculite under a constant day/night temperature of 29°C 
and a 16 hour light period (PAR level of 65 yEm-2s-i). Coleus 
cuttings, consisting of 3 cm of stem tissue with attached opposite 
leaves trimmed with a razor blade to one, two or four cm2 leaf areas, 
were taken from the top of three nodes of plants maintained in depart¬ 
mental greenhouses. For treatment, the cuttings were inserted ver¬ 
tically (cut end down) into 50 ml beakers (4 cuttings per beaker) 
containing 45 ml of distilled water (mung beans) or into one dram vials 
(American Scientific Products) (one cutting per vial) containing 
8 
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approximately 4 ml of distilled water (coleus). Leaves and top por¬ 
tions of the stems of the cuttings were above the water solution. The 
open area of vials with coleus cuttings were sealed with parafilm 
(American Can Company) to prevent water loss due to evaporation. 
All cuttings were exposed to light treatment in controlled environ¬ 
ment chambers at the above temperature. 
Light treatment. Light sources and filters for producing the red 
and far-red colored light used in these experiments are outlined in 
Table 1. Irradiance levels were measured with a J6512 irradiance 
probe on a Tektronic J16 digital photometer and controlled by varying 
the distance between the light source and plant material and/or by 
shading the plant material with cheesecloth. Duration of the light 
treatments was regulated by the addition or removal of an opaque layer 
between the light source and plant material or by the use of time 
clocks to switch the light sources "on" or "off." 
TABLE 1 
LIGHT SOURCES AND FILTERS USED FOR LIGHT TREATMENTS 
Color Light Source Filter Peak 
(nm) 
H Band width 
(nm) 
Red 40 W cool white 
fluorescent tubes 
Roscolux Fire #19 660 50 
Far Red 25 W Incandescent 
bulbs 
Caloric Amber 
Cast Acrylic 
#6637 
750 25 
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Testing of the abscission zone. Abscission in mung bean cuttings 
was quantitatively measured using a recording abscissor described by 
Craker and Abeles (1969a) and modified by Decoteau and Craker (1983) 
to measure the pull force necessary to separate leaf petiole from stem 
at the abscission zone. Abscission in coleus cuttings was quantita¬ 
tively measured with a recording abscissor that determined the push 
(shearing) force required to separate leaf from stem (Craker and 
Abeles, 1969a). The required force for separation of tissue repre¬ 
sented the break strength of the abscission zone in both mung beans 
and coleus. Reduced break strength values indicated a weakening of 
the cells of the abscission zone and signified the advancement of the 
abscission process. 
Determination of light receptors. The receptor site for the 
light stimulus was determined by selectively removing or shading por¬ 
tions of plant tissue. Leaf tissue was removed by excising with a 
razor blade from the distal tip (mung beans) or distal and sides 
(coleus). Light tight aluminum foil covers, made to fit over stem 
tissue and apical bud, were used to prevent light treatment to stem 
tissue and bud. Small, black paper boxes, made to fit completely 
around each leaf, were used to prevent light treatment of leaf 
tissue. In experiments where individual leaves received separate 
light and dark treatments, light treated leaves had a similar black 
box cover except a clear acetate window allowed light penetration to 
the leaf tissue. 
11 
Testing for translocatable abscission regulators. Tests for the 
presence of translocatable light or dark-induced abscission regulators 
that could move from lighted leaf tissue to abscission zones were done 
by preventing translocation from one leaf to the abscission zone of 
the opposing leaf in mung beans and collecting light-induced exudate 
from excised leaves of coleus. To prevent translocation, the stem of 
mung bean cuttings was sliced vertically with a razor blade from the 
upper tip of the apical bud to 5 cm below the leaves and a small 
sheet of parafilm inserted between the cut surfaces. An additional 
small sheet of parafilm was wrapped around the exterior of the stem 
tissue near the cut areas to maintain structural support of the stem. 
Compounds that may be synthesized in or released from leaf 
tissue to control abscission in response to different light treatments 
were collected from excised leaves under various light treatments. 
The petioles of individual coleus leaves (2 cm2) were inserted into 
1.5% agar blocks (1 cm3) and placed in light or dark for a 3 day 
collection of material moving out of the leaf (Jones and Phillips, 
1964). To maintain the agar blocks during the collection of exudate, 
the blocks with leaves were placed on moist, folded filter paper 
(Whatman No. 1) contained in Petri dishes and covered with an in¬ 
verted 250 ml beaker to prevent moisture loss (Figure 1). At the 
end of the exudate collection period, petioles of leaves were recut 
to remove possible callus tissue and placed in a second set of agar 
blocks for a second 3 day collection period. 
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The agar blocks containing leaf exudate from both the first and 
4 
second collection period were individually placed on leafless petioles 
of cuttings, containing one petiole with leaf tissue (2 cm^) and one 
petiole with no leaf tissue. The leafless petiole was inserted 0.5 cm ^ 
into the center of the block (Figure 2). Agar blocks not containing 
exudate were placed on similar cuttings as controls. All cuttings 
with agar blocks were placed in the dark for 2 days, a treatment that 
preliminary results indicated induced near total abscission of the 
t 
leafless petiole. Break strength of both the leafed and leafless 
abscission zones were measured. Abscission in the leafless petiole 
abscission zone was expressed as percent break strength of opposite 
leafed petiole abscission zone. 
Testing of plant growth regulators. Physiologically active 
concentrations (Table 2) of indoleacetic acid (IAA), abscisic acid 
(ABA), gibberellic acid (GA3) and kinetin, known to affect abscission 
(Bornman et al., 1967; Chatterjee and Leopold, 1964; Craker and 
Abeles, 1969b), were made in 1.5% agar solutions and applied as a 
50 yl drop (Craker and Abeles, 1969b) on the cut surface of leafless 
petioles of cuttings containing one petiole with leaf tissue (2 cm2 
leaf area) and one petiole with no leaf tissue. A 50 yl drop of 1.5% 
agar not containing plant growth regulators was placed on similar 
leafless petioles of cuttings as controls. After two days in the 
dark or light, break strength of both the leafed and leafless abscission 
zones was measured to determine any growth regulator effects on the 
abscission process. 
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TABLE 2 
PLANT GROWTH REGULATORS AND CONCENTRATIONS 
USED IN ABSCISSION EXPERIMENTS 
Plant Growth Regulator 
ABA 
ga3 
IAA 
Kinetin 
Concentration (M)a 
5 x 10"4 
5 x 1(T3 
5 x 10"5 
5 x 10"3 
^These concentrations have been demonstrated to be physio¬ 
logically active in regulation of abscission (Bornman et al., 1967; 
Chatterjee and Leopold, 1964; Craker and Abeles, 1969b). 
Interactions of ethylene with light and abscission. The role of 
ethylene in the light regulation of abscission was investigated by 
determining the effect of light on (1) ethylene production from plant 
tissue, and (2) the sensitivity of the abscission zones to ethylene. 
Ethylene production from plant tissue was studied on mung bean 
cuttings inserted vertically (cut end down with the upper stem and 
leaves above the solution) into one dram vials (American Scientific 
Products) containing 4 ml of distilled water. The vials holding the 
cuttings were placed into an inverted 125 ml Erlenmeyer flask (Figure 
3) in the desired light or dark treatments. Ethylene production was 
determined by capping the inverted flasks with rubber serum stoppers 
for twelve hours and subsequently removing a 2 ml gas sample from each 
flask with a syringe and needle. Ethylene was identified and quan¬ 
titatively measured by gas chromatography (Abeles, 1973). Fresh 
Figure 3. Chamber for collection of light- 
induced ethylene production and exposure of 
cuttings to ethylene. 
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Beaker 
Cutting 
Serum Cap 
Figure 3 
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weights of the plant material and break strengths of the abscission 
zones were determined after removal of gas samples. 
Ethylene production in tissue was inhibited by vacuum infil¬ 
tration of aminoethoxyvinylglycine (AVG) (Yu and Yang, 1979) into 
leaf tissue. Leaves of mung bean cuttings were submerged in 10“2 M 
AVG contained in a 125 ml Erlenmeyer flask and vacuum of 0.03 bars 
applied for approximately 30 seconds. Preliminary experiments in¬ 
dicated that the infiltration of AVG by this procedure would reduce 
ethylene production with minimal visual injury to-leaves. 
The sensitivity of abscission zones to ethylene under light and 
dark conditions was determined by exposing mung bean cuttings to 
various concentrations of ethylene and monitoring the abscission 
process. The cuttings were inserted into 125 ml flasks and exogenous 
ethylene injected through a serum cap on the flask to create a known 
ethylene environment. Break strengths of abscission zones were 
tested at 24 and 48 hours. All flasks containing cuttings for the 
48 hour treatment were flushed with fresh air to prevent an accumulation 
of high levels of C02 that could antagonize ethylene action (Burg 
and Burg, 1967) and a reduction in 02 that could affect plant vital¬ 
ity (Goodwin and Mercer, 1983). Flasks were reinjected with exogenous 
ethylene after flushing. 
The number of available binding sites for ethylene was modified 
by the addition of silver containing compounds (Sisher, 1982; Veen, 
1983). Before placing into light treatments, cuttings were pre¬ 
treated with Ag by placing the bottom cut stem surface into a silver- 
thiosulfate (STS) solution (1:1 (V/V) mixture of 3.31 M STS and 1.4 M 
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AgNO^) for a 3 hour uptake of the solution via the transpiration 
stream (Staby and Reid, 1980) or by dipping the leaves and apical 
section of the stem into 1.4 M AgN03 (with 0.1% Tween-20 as a 
surfactant) for 5 seconds (Curtis, 1982). All pretreatments were 
done under laboratory lighting and temperature. Following Ag"*" pre¬ 
treatments, cuttings were transferred to distilled water, and placed 
in light or dark treatment as previously described. Abscission in 
both STS and AglSK^ pretreated cuttings was compared to non-silver 
ion treated controls within each light or dark treatment. Separate 
experiments indicated 0.1% Tween-20 had no effect on any of the light 
treatments (Table 15) . 
Phase two. Applicability and universality of light in controlling 
abscission 
Plant material and light treatment. The applicability and uni¬ 
versality of light as a system for abscission control was investigated 
by evaluating light as a control of leaf abscission in mung beans, 
coleus and kidney beans (Phaseolus vulgaris L. cv. Red Kidney) and 
flower abscission in snapdragons (Antirrhinum majus cv. Topico Yellow 
and Pan American Pink). Cuttings of mung beans and coleus were 
prepared and treated as in Phase One. Cuttings of red kidney beans 
were prepared from two week old plants growing in pots filled with 
soil (Hadley silt loam) in a controlled environment room (PAR level 
of 300 yEm-2s-1, temperature of 27°C). The cuttings, consisting of 
unifoliate leaves trimmed with a razor blade to a 1 cm2 leaf area 
attached to 2 cm of petiole, were placed in 18 ml of 1.5% agar 
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contained in Petri dishes (10 cm x 2 cm) for exposure to light or dark 
treatments as described for the mung bean and coleus cuttings in 
Phase One. Cut racemes of snapdragons, containing 8 to 26 open 
florets, were selected from plants maintained in departmental green¬ 
houses and placed in 400 ml beakers containing distilled water. The 
beakers holding the cut racemes were inserted into specially built 
air-tight chambers (Figure 4) for treatment with ethylene and exposed 
to light as described in Phase One. 
Measurement of abscission. Leaf abscission in mung beans and 
coleus was determined by measuring the break strength of abscission 
zones as described in Phase One. Leaf abscission in red kidney bean 
was determined by measuring shearing force (break strength as des¬ 
cribed for coleus in Phase One) necessary to separate leaf from 
stem at abscission zone (Craker and Abeles, 1969a). Flower abscission 
in snapdragons was determined by counting the number of dropped 
flowers. Differences between non-lighted controls and lighted cuttings 
were used to indicate effects of the light treatments. 
Statistical interpretation 
Results from all experiments were replicated a minimum of 3 times 
with from 2 to 20 plants per replication. Statistical significance 
was determined by analysis of variance. Range procedures (Steele and 
Torrie, 1980) and calculation of standard errors were used to deter¬ 
mine significance of mean comparisons. 
Figure 4. Ethylene exposure chamber for snap¬ 
dragon abscission studies. 
Injection Port 
67.3 cm 
12.5 cm 
Snapdragon 
Beaker 
Sleeve 
Detachable Base 
Figure 4 
CHAPTER IV 
RESULTS 
Phase one. Photoregulatory mechanisms in control of abscission 
Low level continuous red light inhibited dark-induced reduction 
in break strength of leaf abscission zones on mung bean (Figure 5) 
and coleus (Table 3) cuttings. Far-red light accelerated loss of 
break strength as compared with dark controls. While red light 
maintained the break strength of abscission zones to initial levels, 
significant reductions in break strength of leaf abscission zones 
on mung beans in dark control and far-red light occur at 72 and 60 
hours, respectively, after initiation of treatment. Total leaf 
abscission on mung beans occurs in far-red treated cuttings by 84 
hours after initiation of light treatment. 
The red light receptor for inhibition of leaf abscission appears 
to be in the leaves. Reducing the amount of leaf area available for 
red light reception by removing or covering a portion of the leaves 
decreased the ability of red light to inhibit loss of abscission zone 
break strength (Tables 3 and 4). Reducing the amount of leaf area 
available for far-red light reception had no effect on far-red 
accelerated loss of break strength. Covering of the stem tissue and 
removal of apical bud had no effect on light regulation of abscission. 
Treatment of one leaf of each pair of unifoliate leaves in mung 
bean cuttings treated with red light inhibited the abscission process 
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TABLE 3 
INFLUENCE OF LIGHT AND LEAF AREA IN LEAF ABSCISSION 
IN COLEUS CUTTINGS 
Light Treatment Leaf Area 
(cm2) 
Break Strength 
(% of initials)3 
Redb 4 102.0 ± 17. 7 
2 92.6 ± 15.7 
1 91.1 ± 13.2 
Dark 4 55.1 ± 16,9 
2 40.0 ± 23.6 
1 19.6 ± 14.0 
Far-Redc 4 ' 0 
2 1.2 ± 1.2 
1 0 
aMean ± SE of 3 replicates of 10 plant each. Measured on cuttings 
treated in light or dark for 8 days. 
^Irradiance level of 700 mW/m2. 
cIrradiance level of 600 mW/m2. 
29 
TABLE 4 
ABSCISSION ZONE BREAK STRENGTH OF MUNG BEANS AS AFFECTED 
BY SELECTIVE LIGHTING OF PLANT COMPONENTS 
Treatment 
Control 
Stem covered 
Apical bud removed 
% leaf removed 
Leaves removed^ 
0 
Leaved covered 
Break Strength 
(% of initials)5 
Red Lightk Dark Far-Redc 
91.5 + 1.4 19.2 ± 3.9 3.7 ± 2.7 
94.2 + 7.7 21.3 ± 5.1 3.5 ± 2.5 
93.0 + 5.8 14.1 ± 2.0 2.5 ± 3.5 
51.0 + 12.2 9.6 ± 6.1 5.8 ± 5.8 
16.2 + 6.6 6.0 ± 6.0 0 
36.8 + 10.2 25.8 ± 2.4 32.1 ± 6.5 
aMean ± SE of 3 replicates of 4 plants each.Measured on cuttings 
in light or dark for 5 days. 
^Irradiance level of 700 mW/m2. 
cIrradiance level of 600 mW/m2. 
^All leaf tissue removed except for approximately 0.25 cm2 attached 
to each petiole. 
eEach leaf of unifoliate pair was covered with a small black paper 
box. 
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in both leaves (Table 5). The break strength of a dark-treated leaf 
on a cutting having a red light-treated leaf was the same as leaves 
in continuous red light. Separating the leaves from each other by a 
physical barrier to prevent translocation between leaves inhibited 
the ability of the red light treated leaf to prevent loss of break 
strength due to dark treatment. 
Exudate collected from red light treated coleus leaves can inhibit 
loss of abscission zone break strength due to leaf removal (Table 6). 
Placing agar blocks containing exudate from leaves treated in red 
light during the first (0-3 days) and second (3-5 days) collection 
periods on leafless petioles inhibited loss of break strength in the 
abscission zones. Exudate collected from dark and far-red light 
treated leaves were less effective than exudate from red light-treated 
leaves in preventing loss of abscission zone break strength. 
Abscission, in leafless petioles, could be prevented by applica¬ 
tion of IAA, but not ABA, GA3 or kinetin (Table 7). Break strengths 
of abscission zones on leafless petioles treated with IAA were essen¬ 
tially the same as break strength of leafed petioles. IAA was the 
most effective in preventing abscission on cuttings in the far-red 
light (Table 8). 
There was no significant difference in ethylene produced by 
cuttings in the red light and dark treatment for up to 84 hours after 
initiation of treatment (Figure 6), some 12 hours after measured 
reductions in break strength of leaf abscission zones on cuttings in 
the dark (Figure 5). There was an increase in ethylene produced from 
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TABLE 5 
ABSCISSION ZONE BREAK STRENGTH IN MUNG BEAN CUTTINGS WITH 
DIFFERING LIGHT TREATMENTS TO LEAVES 
Leaf Light 
Paira ^ Treatments^ Break Strength 
(% of initials)0 
1 Red light 117.2 ± 10.0 
Red light 115.7 ± 4.0 
2 Dark 37.7 ± 17.0 
Dark 35.9 ± 3.4 
3 Red light 107.6 ± 5.6 
Dark 98.0 ± 7.4 
4d Red light 101.4 ± 4.3 
Dark 45.0 ± 4.3 
i - -O — : —^— ** '**■*•*■*• v w w v-LAA. Vi. w 11^. X. V C.U 
separate light treatments by enclosure in a small, black paper box 
with or without a clear acetate window for light or dark treatments, 
respectively. 
^Red light was 750 mW/m2. 
cMean ± SE of 3 replicates of 5 plants each. Measured on cuttings 
^treated in light or dark for 5 days. 
In these cuttings the stem was sliced vertically with a razor 
blade from top of apical bud to 0.5 cm below the point of attach¬ 
ment of leaves to stem and a small sheet of parafilm inserted 
between the cut surfaces to prevent translocation from one leaf 
to another on the plant. 
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TABLE 6 
EFFECTIVENESS OF EXUDATE FROM LIGHT AND DARK-TREATED LEAVES 
ON INHIBITING ABSCISSION IN COLEUS 
„ „ .a 
Exudate Collection 
Treatment 0-3 days 3-5 da^s 
Break Strength (% leafless/leafed) 
Control 
Red Light Exudate 
Dark Exudate 
Far-Red Exudate 
aTime period during light or dark that leaf exudate was allowed to 
accumulate in agar blocks. 
^From comparison of leafless and leafed abscission zones within a 
cutting [(break strength leafless/break strength leafed) x 100]. 
Measured on cuttings treated with exudate and maintained in dark 
for 2 days. Means ± S"E of 3 replicates of 4 plants each. 
17.2 ± 1.7 
64.9 ± 4.5 
32.6 ± 7.9 
29.1 ± 3.2 
13.3 ± 7.2 
55.1 ± 9.3 
« 
23.1 ± 11.5 
7.1 ± 3.7 
TABLE 7 
EFFECT OF GROWTH REGULATORS ON LEAF ABSCISSION IN COLEUS 
Treatment Break Strength 
(% leafless/leafed) 
Control 9.4 ± 4.9 
ABA 5.1 ± 3.2 
ga3 0 
IAA 83.7 ± 1.3 
Kinetin 10.9 ± 9.6 
aFrom comparison of leafless and leafed abscission zones within a 
cutting [(break strength leafless/break strength leafed) x 100]. 
Measured on cuttings treated with growth regulator and maintained 
in the dark for 2 days. Means ± SE of 3 replicates of 4 plants each. 
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TABLE 8 
EFFECT OF LIGHT AND IAA ON LEAF ABSCISSION IN COLEUS 
Light Treatment Leaf Treatment Break Strength 
—6 “ (%leafless/leafed) 
Control 5.1 ± 2.7 
IAA 85.9 ± 6.1 
Dark Control 9.4 ± 4.9 
IAA 83.7 ± 1.3 
c 
Far-Red Control 3.9 ± 3.9 
IAA 104.1 ± 16.1 
aFrom comparison of leafless and leafed abscission zone within a 
cutting [(break strength leafless/break strength leafed) x 100]. 
Measured on cuttings treated with growth regulator and maintained 
in light or dark for 2 days. Means ± SE of 3 replicates of 4 
plants each. 
^Irradiance level of 700 mW/m2. 
cIrradiance level of 600 mW/m2. 
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cuttings in far-red light, as compared to corresponding amounts of 
ethylene produced from cuttings in red light and dark, after 12 hours 
of initiation of light treatment. Loss of break strength on cuttings 
in far-red light does not occur until after 60 hours of light 
treatment. 
# 
Light regulation of leaf abscission was not affected when the 
amount of ethylene produced by cuttings was reduced. There was no 
difference in break strengths of abscission zones on cuttings within 
the light or dark treatments even though treatment with AVG reduced 
the amount of ethylene produced from the cuttings (Table 9). Reducing 
the amount of ethylene produced from cuttings in both dark and far- 
red light to concentrations less than produced by cuttings in the red 
light did not inhibit the loss in break strength of abscission zones 
on cuttings in the dark or far-red light. 
The sensitivity of leaf abscission zones to ethylene was affected si 
by treatment with light. Red light decreased the sensitivity of the 
leaf abscission zones to ethylene as compared to dark controls (Figure 
7). After 48 hours of 0.1 or 1.0 yl/1 ethylene there was no reduction 
in break strength of leaf abscission zones on cuttings in the red 
light, while a reduction in break strength on cuttings in corresponding 
ethylene treatments in the dark and far-red light was noted. Far- 
red light increased the sensitivity of the leaf abscission zones to 
ethylene. Ethylene concentrations of 1.0 and 10.0 yl/1 significantly 
reduced the break strength of abscission zones of cuttings in the 
far-red light. After 24 hours in all ethylene concentrations tested 
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there was no reduction in break strength of leaf abscission zones 
on cuttings in red light and dark. 
There did not appear to be any change in the availability of 
ethylene binding sites on cuttings under the various light treat¬ 
ments. Reducing the number of ethylene binding sites by pretreat¬ 
ment of plant tissue with Ag+ had no effect on leaf abscission in any 
of the light treatments (Table 10). Pretreatment of cuttings with 
STS did inhibit ethylene induced abscission (Table 11), but had no 
effect on light regulation of abscission. Pretreatment of cuttings 
with AgNO^ enhanced ethylene-induced abscission. 
Phase two. Applicability and universality of light in controlling 
abscission 
Light was an effective regulator of leaf abscission in these 
three species tested. Low level red light inhibited leaf abscission 
in cuttings of mung beans, coleus and kidney beans (Table 12). Far- 
red light accelerated loss of break strength of abscission zones as 
compared to dark controls. 
Red light partially prevented ethylene-induced flower abscission 
in Tampico Yellow snapdragons but had no effect on ethylene-induced 
flower abscission in Pan American Summer Pink snapdragons (Table 13) . 
Far-red light had no effect on abscission in either of the snap¬ 
dragon varieties. 
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TABLE 10 
EFFECT OF LIGHT AND SILVER TREATMENTS ON ABSCISSION 
Treatment 
Red Light*3 Control 
Red Light + AgN03C 
Red Light + STSd 
Sampling Timea 
3 days 5 days 
Break Strength 
(% of initials) 
101.6 + 7.8 99.6 + 6.3 
107.4 + 1.5 89.2 + 3.0 
107.2 + 7.3 104.8 + 7.4 
Dark Control 
Dark + AgNO^ 
Dark 4- STS 
82.1 ± 12.3 
70.5 ± 3.6 
97.2 ± 2.7 
40.3 ± 3.6 
15.5 ± 3.0 
51.3 ± 9.4 
Far-Red Light6 Control 
Far-Red Light + AgN03 
Far-Red Light + STS 
58.6 ± 3.2 
37.2 ± 18.7 
68.9 ± 0.7 
Measurements on cuttings maintained in light or dark for indicated 
amount of time. Mean ± SE of 3 replicates of 5 plants each. 
^Irradiance level of 600 mW/m2. 
cAgN03 (1.4 M) applied by dipping cuttings into solution for 5 
seconds. 
^STS applied by allowing cuttings to take up solution for 2 hours. 
eIrradiance level of 700 mW/m2. 
* > • Y * ir- ' - • ' ‘ " ' ’ ' v ' vl‘ 
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INHIBITION OF ETHYLENE 
TABLE 11 
ACTION ON ABSCISSION BY SILVER IONS 
Sampling Timea 
Compound Light 24 hours 48 hours 
(% inhibition) 
STS Red^ No abscission 90.7 ± 27.i 
Dark No abscission 78.8 ± 47. 
Far-Redc 181.8 ± 32.4 34.1 ± 33.1 
AgN03 Red No abscission <<0d 
Dark No abscission < 0 
Far-Red 0 < 0 
Measurements on mung bean cuttings exposed to 1 yl/liter C2 
and maintained in light or dark for indicated amount of time. 
Mean ± SE of 3 replicates of 2 plants each. 
^Irradiance level of 1200 mW/m2. 
cIrradiance level of 1400 mW/m2. 
^Treatment accelerated abscission. 
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TABLE 12 
EFFECT OF LIGHT TREATMENT ON LEAF ABSCISSION OF 
MUNG BEAN, COLEUS, AND RED KIDNEY BEAN CUTTINGS 
Plant Material Light Treatment3 Break Strength 
(% of initials) 
Mung Beans RedC 91.5 ± 
1.4 
Dark 19.2 ± 3.9 
d 
Far-Red 3.7 ± 2.7 
Coleus 
c 
Red 92.6 ± 15.7 
Dark 40.0 ± 22.6 
d 
Far-Red 1.2 ± 1.2 
Kidney Beans Red° 76.0 ± 8.1 
Dark 23.5 ± 3..8 
Far-Red^ 1.6 ± 1.6 
aMung bean and kidney bean cuttings were treated for 5 days. 
b 
c 
Coleus treatment period was 8 days. 
Mean ± SE of 3 replicates of 4 (mung beans and kidney beans) 
and 10 (coleus) cuttings each. 
Irradiance levels for treatment of mung bean, coleus, and kidney 
bean cuttings were 700 mW/m^, 900 mW/m , and 1100 mW/m^, 
respectively. 
^Irradiance levels for treatment of mung beans, coleus and kidney 
bean cuttings were 600 mW/m^, 1000 mW/m^ and 1400 mW/m^, 
respectively. 
44 
TABLE 13 
EFFECT OF LIGHT TREATMENTS ON ETHYLENE-INDUCED FLOWER ABSCISSION 
OF SNAPDRAGONS 
Variety 
Tampico Yellow 
Light Treatment % Flower Abscission3 
Redb 42.5 ± 7.1 
Dark 57.3 ± 4.7 
Far-RedC 54.8 ± 5.4 
Pan American 
Summer Pink Red 32.5 ± 3.9 
Dark 28.8 ± 12.4 
Far-Red 44.9 ± 11.9 
aTreated with 1 pl/liter ethylene. 
number of flowers abscised 
Measured at 2 days as . . , , c 
J total number of flowers 
bIrradiance level of 800 mW/m2. 
cIrradiance level of 350 mW/m2. 
CHAPTER V 
DISCUSSION 
Results of these investigations suggest a role for light as a 
regulator of abscission. Red light was an effective inhibitor of 
dark-induced leaf abscission in cuttings of mung beans and coleus. 
The red light inhibition of leaf abscission in mung beans and coleus 
agrees with previous work on red light control of apple flower and 
fruit abscission (Bottecelli et al. , 1978; Brooks, 1980) and soybean 
flower and pod abscission (Heindl and Brun, 1983). 
Far-red light accelerated leaf abscission on cuttings of mung 
beans and coleus as compared with similar cuttings in the dark. 
Significant reductions in break strength of abscission zones of mung 
bean cuttings in far-red light occurred 12 hours before reductions in 
break strength of abscission zones of cuttings in the dark. The 
earlier loss of break strength of cuttings in far-red light as com¬ 
pared to dark indicated an earlier initiation of the abscission 
process on these cuttings. 
The leaves appeared to be the receptor site for the light stim¬ 
ulus in regulation of abscission. Removal or covering of leaf 
tissue reduced the effectiveness of red light in inhibiting leaf 
abscission while covering of the stem and removal of apical bud had 
no effect on light regulation of abscission. Previous work (Curtis, 
1978; Decoteau and Craker, 1983) has implicated the involvement of 
45 
46 
phytochrome in leaf abscission and appears to be the leaf pigment 
involved in the light reception. 
There appeared to be a red light—induced abscission inhibitor 
translocated from the leaves to the abscission zone. Treatment of 
one leaf of the unifoliate pair of leaves in mung beans with red 
light while the other leaf was in dark prevented abscission' 
of both leaves and is consistent with the movement of an abscission 
inhibitor from lighted leaf to dark abscission zone. This conclusion 
was further supported by the placement of a physical barrier in the 
stem to prevent translocation between the leaves which prevented the 
lighted leaf from inhibiting a loss of break strength in the abscission 
zone of a dark leaf. Brooks (1980) working with apple fruit abscission 
suggested the translocation of an abscission inhibitor from lighted 
leaves to abscission zones of apple fruits since light reduction in 
apple fruit drop could be lessened by girdling the petiole of the 
fruit to prevent translocation. 
Further support for a translocatable abscission regulator 
is that exudate collected from red light treated coleus leaves 
was effective in preventing abscission. Leafless petioles treated 
with exudate from leaves exposed to red light maintained break 
strengths at similar levels as leafed abscission zones. Exudate 
collected from dark and far-red light treated leaves could not pre¬ 
vent abscission in leafless petioles. 
The data support the concept of auxin being the light mediated 
abscission regulator. Treatment of plant material with IAA effectively 
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inhibited abscission similar to the exudate from red light treated 
leaves. Previous work has well documented the effectiveness and im¬ 
portance of auxin in controlling abscission (Abeles and Rubenstein, 
1964; Addicott and Lynch, 1951). Auxin levels and transport are 
known to be influenced by light (Zucker, 1972). Other plant hormones 
(ABA, GA3, and kinetin) had no effect on leafless petiole abscission 
and appear to have no role in light regulation of abscission. 
Ethylene production from plant tissue was not important in the 
light regulation of abscission. Light effects on ethylene production 
from mung bean cuttings did not correlate with light regulation of 
abscission. Far-red light increased ethylene production from 
cuttings after 12 hours of treatment but reductions in break strength 
in far-red treated cuttings were not observed until after 36 hours 
of treatment. Conversely, an increase in ethylene production was 
observed 84 hours after dark treatment while a reduction in break 
strength of leaf abscission zones on cuttings in the dark had occurred 
at 72 hours after treatment. Additionally, reducing ethylene pro¬ 
duction from cuttings by treatment of plant material with AVG had 
no effect on light regulation of abscission. This data does support 
previous investigations that light can influence ethylene production 
(Bassi and Spencer, 1983) and that ethylene production from plant 
tissue is not necessary for abscission (Cooper and Haronic, 1973). 
The sensitivity of abscission zones to ethylene was affected 
by light treatments and may be explained by light effects on trans¬ 
location of an abscission regulator from leaf tissue to abscission 
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zone. Red light reduced and far-red light increased the sensitivity 
of abscission zones to ethylene as compared to dark controls. 
Differences in sensitivity of the abscission process to ethylene 
have been reported and appear to be related to the auxin content of 
the tissue (Abeles, 1973). An increase in auxin within the abscission 
zones due to a red light induced increase in translocation of auxin 
from leaf tissue could reduce the sensitivity of the abscission zones 
to ethylene. 
The availability of ethylene binding sites did not appear to be 
related to the red light decrease in sensitivity of leaf abscission 
zones to ethylene. Reducing the number of available binding sites 
with Ag+ (as STS) did not reduce the loss of abscission zone break 
strength due to dark and far-red light treatments. Similarly, the 
mechanism for the involvement of hormones in abscission does not 
appear due to availability of binding sites but to interactions with 
the plasma membrane (Morre and Cherry, 1977). 
Light was effective in regulating leaf abscission of the tested 
species. Red light inhibited dark-induced leaf abscission in 
cuttings of mung beans, coleus and red kidney beans while far-red 
light accelerated leaf abscission of these species. In addition, 
similar results observed for the different light treatments amoung 
the tested plant species suggest a similar mechanism involved in the 
light control of leaf abscission. 
Light was less effective in regulating flower abscission in 
snapdragons than in controlling leaf abscission. The reason for the 
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inability of light to control flower abscission is not known but 
may be due to decreased levels of auxin in the mature flower ab¬ 
scission zone. This concept was supported by the observation that 
the more mature flowers abscised first. The increase in translocation 
of auxin from leaves to mature flowers may not have been sufficient 
to inhibit abscission. 
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TABLE 14 
ANOVA FOR TWEEN-20 AND LIGHT EFFECTS ON ABSCISSION 
Source df M.S. F 
Light (L) 2 24231.1467 15.00 ** 
Chemical Treatment (T) 1 9.8817 0.01 NS 
LT 2 251.4617 0.16 NS 
Error 18 1615.9275 
TABLE 15 
DUNCAN'S NMRT FOR EFFECT OF TWEEN-20 AND LIGHT EFFECTS ON ABSCISSION 
5% LEVEL 
Break Strength (% of initials) 
Light Control Tween-20 
Red 102.43 a 116.28 a 
Dark 41.60 b 33.90 b 
Far Red 2.30 c 0.00 c 
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TABLE 16 
EFFECT OF LIGHT TREATMENTS ON VISUAL QUALITY OF MUNG BEAN LEAVES 
AND CORRESPONDING BREAK STRENGTHS 
Treatment 
Visual Quality 
of leaves 
Number of leaves 
(% of totals) 
Break Strength3 
(% of initials) 
Dark Fresh 43.0 ± 9.1 37.6 ± 3.3 
Minor spots 11.5 ± 2.7 42.8 ±10.3 
Moderate spots 12.5 ± 2.4 37.0 ±10.1 
Large spots 1.5 ± 1.5 0 
Minor wilt 2.0 ± 1.5 3.7 ± 3.7 
Moderate wilt 10.6 ±10.6 1.0 ± 1.0 
1 leaf abscised 10.5 ± 3.3 0 
Both leaves 
abscised 17.0 ± 4.6 0 
Red Light^ Fresh 69.5 ± 3.1 88.6 ± 5.4 
Minor spots 12.0 ± 3.3 72.9 ± 9.0 
Moderate spots 8.0 ± 2.5 58.3 ±17.7 
Large spots 0.5 ± 0.5 0 
Moderate wilt 3.0 ± 1.8 1.6 ± 1.6 
1 leaf abscised 1.5 ± 1.0 0 
Both leaves 
abscised 4.5 ± 2.2 0 
Yellowing 0.5 ± 0.5 0 
Break strength measured after 5 days. Means ± SE of 5 replicates 
^of 40 plants each. 
Red light irradiance level of 650 mW/ni 
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TABLE 17 
EFFECT OF LIGHT TREATMENTS AND ETHYLENE INHIBITORS 
ON OCCURRENCE OF ROOTING IN MUNG BEANS 
Light Treatment Inhibitor 
(% of 
Rooting 
cuttings rooting) 
Reda Control 93.3 ± 6.7 
AVG 0 
STS 100 
AgN03 100 
Dark All treatments 0 
Far Redb All treatments 0 
glrradiance level of 1200 mW/m2 for 5 days. 
Irradiance level of 1400 mW/in^ for 5 days. 
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TABLE 18 
CONSIDERATIONS IN CHOOSING PLANT MATERIAL 
IN LIGHT CONTROL OF ABSCISSION STUDIES 
Plant Material Advantages Disadvantages 
Mung beans 
(Vigna radiata) 
ease of growing 
uniform age and stage 
of development at 
treatment and testing 
- limited use for 
physiological 
studies involving 
abscission zones 
less variability 
Coleus - traditional plant 
(Coleus blumei) material used in 
abscission studies 
- less uniform stage 
of development 
large abscission zones 
firm leaf petioles 
- more variability 
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TABLE 19 
MANUFACTURERS AND DISTRIBUTORS OF LIGHT FILTERS USED IN 
LIGHT CONTROL OF ABSCISSION STUDIES 
Light Color Filter 
Red Roscolux //19, Fire 
Manufactured by: Rosco, Inc. 
36 Bush Avenue 
Port Chester, New York 
Tel. (917)937-1300 
Distributed by: Barbizon Light of New England, Inc. 
3 Draper Street 
Far Red 
Woburn, MA 01801 
Tel. (617)935-3920 
Cast Acrylic #6637, Amber 
Manufactured by: Caloric Color Co., Inc. 
176 Saddle River Avenue 
Garfield, N.J. 07026 
Tel. (201)471-4748 
Transmission spectra of light fil- 
cission studies. 
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ANALYSIS OF VARIANCE FOR 
TABLE 20 
LIGHT AND TIME TREATMENTS ON ABSCISSION 
Source df M.S. F 
Replicate (R) 2 5470.67 6.16 ** 
Time Treatment (T) 8 11396.61 24.18 ** 
Light Treatment (L) 2 44383.50 150.07 ** 
RT 16 471.23 0.53 NS 
RL 4 295.76 0.33 NS 
TL 16 5161.41 9.54 ** 
RTL 32 541.28 0.61 NS 
Error 81 888.17 
TABLE 21 
ANALYSIS OF VARIANCE FOR PLANT HORMONES ON ABSCISSION 
Source df 
Replicate (R) 2 
Hormone Treatment (H) 4 
RH 8 
M.S. 
36.457 
14425.932 
356.197 
JF 
0.12 NS 
40.50 ** 
1.18 NS 
Error 45 302.593 
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TABLE 22 
ANALYSIS OF VARIANCE FOR IAA AND LIGHT TREATMENTS ON ABSCISSION 
Source df M.S . F 
Replicate (R) 2 746.49 2.40 NS 
Light Treatment (L) 2 552.48 1.13 NS 
IAA Treatment (T) 1 128575.21 71.70 
* 
RL 4 490.42 1.57 NS 
RT 2 1793.19 5.76 
** 
LT 2 1697.78 2.53 NS 
RLT 4 670.54 2.15 NS 
Error 54 311.46 
TABLE 23 
ANALYSIS OF VARIANCE FOR ETHYLENE SYNTHESIS 
Source df M.S. F 
Replicate (R) 2 708.703 8.83 ** 
Light Treatment (L) 2 2349.664 3.17 NS 
Time Sampled (T) 5 410.827 1.01 NS 
RL 4 741.490 9.23 ** 
RT 10 407.915 5.08 ** 
LT 10 175.455 1.20 NS 
RLT 20 146.266 1.82 * 
Error 54 80.296 
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TABLE 24 
ANALYSIS OF VARIANCE FOR LIGHT AND AVG TREATMENTS ON 
ETHYLENE AND ABSCISSION (3 DAYS) 
Ethylene Production: 
Source df M.S. F_ 
Replicate (R) 2 2286.72 18.05 
** 
Light Treatment (L) 2 2905.55 4.71 NS 
Chemical Treatment (T) 2 4737.00 10.32 * 
RL 4 617.34 4.87 
** 
RT 4 459.06 3.62 
** 
LT 4 333.37 1.42 NS 
RLT 8 235.58 1.86 NS 
Error 108 126.65 
Abscission (Break Strength): 
Source df M.S. F 
Replicate (R) 2 1268.730 0.79 NS 
Light Treatment (L) 2 90144.530 67.14 •k'k 
Chemical Treatment (T) 2 1977.437 2.69 NS 
RL 4 1342.619 0.84 NS 
RT 4 735.063 0.46 NS 
LT 4 98.508 0.16 NS 
RLT 8 602.729 0.38 NS 
Error 108 
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TABLE 25 
DUNCAN’S NMRT ON LIGHT AND AVG TREATMENTS ON ETHYLENE 
(3 DAYS) 5% LEVEL 
Treatment Red Light Dark Far-Red Light 
Control a a a 
Infiltrated with H2O a a b 
Infiltrated with AVG b b c 
Note: Treatments with same letter within individual columns are 
not significantly different. 
TABLE 26 
DUNCAN’S NMRT ON LIGHT AND AVG 
(3 DAYS) 
TREATMENTS ON ABSCISSION 
Treatment Red Light Dark Far-Red Light 
Control a a a 
Infiltrated with H2O a a a 
Infiltrated with AVG a a a 
Note: Treatments with same letter within individual columns are 
not significantly different. 
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TABLE 27 
ANALYSIS OF VARIANCE FOR EFFECT OF LIGHT AND AVG TREATMENTS 
ON ETHYLENE AND ABSCISSION (5 DAYS) 
Ethylene Production: 
Source df M.S . F 
Replicate (R) 2 804.74 4.37 * 
Light Treatment (L) 1 8487.12 58.91 * 
Chemical Treatment (T) 2 3831.02 17.63 * 
RL 2 144.08 0.78 NS 
RT 4 217.34 1.18 NS 
LT 2 1604.63 9.13 * 
RLT 4 175.76 0.95 NS 
Error 72 184.31 
Abscission (Break Strength): 
Source df M.S. F 
Replicate (R) 2 8122.147- 8.61 ** 
Light Treatment (L) 1 189255.049 36.85 * 
Chemical Treatment (T) 2 225.685 1.42 NS 
RL 2 5135.827 5.44 ** 
RT 4 158.714 0.17 NS 
LT 2 465.260 6.18 NS 
RLT 4 75.321 0.08 NS 
Error 72 943.499 
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TABLE 28 
DUNCAN’S NMRT ON LIGHT AND AVG TREATMENTS ON ETHYLENE PRODUCTION 
(5 DAYS) 5% LEVEL 
Treatment 
Control 
Infiltrated with ^0 
Infiltrated with AVG 
Red Light Dark 
a a 
a b 
b c 
Note: Treatments with same letter within individual columns are 
not significantly different. 
TABLE 29 
DUNCAN'S NMRT ON LIGHT AND AVG TREATMENTS ON ABSCISSION 
(5 DAYS) 5% LEVEL 
Treatment 
Control 
Infiltrated with ^0 
Infiltrated with AVG 
Red Light Dark 
a a 
a a 
a a 
Note: Treatments with same letter within individual columns are 
not significantly different. 
TABLE 30 
CORRELATION OF INCREASED ETHYLENE PRODUCTION WITH LOSS OF 
ABSCISSION ZONE BREAK STRENGTH 
3 Day Testing: 
Light 
All Treatments 
Red 
Dark 
Far Red 
Correlation Coefficient 
0.34 ** 
< 0.01 NS 
0.09 NS 
0.24 NS 
5 Day Testing: 
Light Correlation Coefficient 
All Treatments 0.53 ** 
Red 0.46 ** 
Dark 0.23 NS 
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TABLE 31 
ANOVA FOR LIGHT AND SILVER TREATMENTS ON ABSCISSION 
(3 DAYS) 
Source df M.S. F 
Replicate (R) 2 1645.12 0.88 NS 
Light Treatment (L) 2 23266.69 90.33 ** 
Chemical Treatment (T) 2 4370.66 3.39 NS 
RL 4 257.57 0.14 NS 
RT 4 1287.66 0.69 NS 
LT 4 1148.43 1.24 NS 
RLT 8 925.22 0.50 NS 
Error 108 1863.01 
TABLE 32 
DUNCAN’S NMRT FOR LIGHT AND SILVER TREATMENTS ON ABSCISSION 
(3 DAYS) 5% LEVEL 
Treatment Red Light Dark Far Red Light 
Control a a a 
AgN03 a a a 
STS a a a 
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TABLE 33 
ANOVA FOR LIGHT AND SILVER TREATMENTS ON ABSCISSION 
(5 DAYS) 
Source df M.S. F 
Replicate (R) 2 527.73 0.43 NS 
Light Treatment (L) 1 86508.60 63.00 ** 
Chemical Treatment (T) 2 5273.72 17.81 ** 
RL 2 1373.24 1.11 NS 
RT 4 296.05 0.24 NS 
LT 2 717.49 1.43 NS 
RLT 4 501.65 0.41 NS 
Error 72 1232.36 
TABLE 34 
DUNCAN’S NMRT ON LIGHT AND SILVER TREATMENTS ON ABSCISSION 
(5 DAYS) 5% LEVEL 
Treatment Red Light Dark 
Control a ab 
AgN03 a a 
STS a b 
Note: Treatments with same letter within individual columns are 
not significantly different. 
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TABLE 35 
ANOVA FOR EFFECT OF EXOGENOUS ETHYLENE AND LIGHT ON ABSCISSION 
24 Hour Treatment: 
Source df M.S. F 
Replicate (R) 2 1744.00 1.43 NS 
Light (L) 2 10383.98 4.41 NS 
Ethylene (E) 3 5078.52 8.03 * 
RL 4 2357.00 1.93 NS 
RE 6 623.53 0.52 NS 
LE 6 3130.82 4.70 * 
RLE 12 666.23 0.55 NS 
Error 36 1218.90 
48 Hour Treatment: 
Source df M.S. F 
Replicate (R) 2 978.27 0.99 NS 
Light (L) 2 27538.54 71.48 ** 
Ethylene (E) 3 24278.67 14.31 ** 
RL 4 385.24 0.39 NS 
RE 6 1696.03 1.72 NS 
LE 6 4311.21 3.21 * 
RLE 12 1344.64 1.37 NS 
36 984.99 Error 
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TABLE 36 
ANOVA FOR LIGHT TREATMENTS ON KIDNEY BEAN LEAF ABSCISSION 
Source df M.S. F 
Replicate (R) 2 74.681 0.10 NS 
Light (L) 2 17581.555 38.39 ** 
RL 4 458.014 0.59 NS 
Error 27 770.468 
TABLE 37 
DUNCAN'S NMRT FOR LIGHT TREATMENTS ON KIDNEY BEAN LEAF 
(5% LEVEL) 
ABSCISSION 
Treatment Break Strength (% of initials) 
Red Light a 
Dark b 
Far Red Light c 


